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Abstract 
 
New office buildings use the thermal capacity of the structural mass to provide thermal comfort (TABS). The technique of TABS 
provides stable thermal conditions in rooms and is perceived to be a long-term energy efficient solution. A priori, this kind of 
technique is not compatible with traditional acoustic ceilings, covering a room from wall to wall. If the room acoustics is 
neglected and does not meet the current acoustic standards, this has often enormous impact on the discomfort, cognitive function, 
absenteeism, satisfaction, the physical well-being as well as the emotional well-being of the occupants. How can we quantify the 
acoustic and thermal impact of free hanging acoustic solutions on slab’s cooling capacity? How does this finding stay in line with 
new parameters written in the international standard ISO 3382-3 and target values of the upcoming new German guideline VDI 
2569? 
The purpose of this paper is to show the acoustic and thermal tests that have been conducted (6 rooms – Free hanging units 
(FHU) and baffles), the set-up used (3 timeframes combining 4 scenarios 30%, 45% and 60% coverage with FHU & baffles), the 
measurement methods and gives data to encourage dialogue and coordination between the acoustician and other building 
engineering disciplines. The results are giving a clear indication of a much lower impact of high ceiling coverage rates than 
assumed. In other words, the impact of the users’ behavior on the thermal conditions by e. g. window opening is critical and 
coverage rates below 60% became secondary. 
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1. Introduction 
 
Thermal performance is increasingly taken into consideration in the programming and design of European office 
buildings. With concerns about climate change, stringent legislation and political pressure to meet sustainability 
targets, the trend to design energy-efficient buildings continues to grow. A popular way to design energy-efficiently 
is to use a Thermally Activated Building System, also referred to as TABS. In short, TABS creates an effective cooling 
system using the thermal mass of the building; the concrete keeps the heat out during the day, maintaining a cool 
interior. It is a system that is increasingly being used for new buildings in France, Germany, UK and the Benelux 
area. 
Many of these office buildings are using the thermal capacity of the structure mass to provide thermal comfort. 
The thermal issues require the structure (typically concrete) to remain exposed to the room environment. Traditional 
fitting surfaces, such as wall-to-wall suspended ceilings, are said to be inappropriate. The challenge is to combine 
this constraint with acoustic requirements for office spaces, described through reverberation (RT) and propagation 
(D2s). Projects using inertia point out the importance of interaction of acoustic treatments with (prefabricated) concrete 
elements, lighting, ventilation and cable management. The objective of the study was to find out about the impact of 
different coverage rates by acoustic tiles, which are interpreted by the requirements of the new directive VDI 2569, 
on the room temperature. The measured results were correlated with the comfort model of EN 15251:2007-08. Finally, 
they emphasize the need for dialogue and coordination between the acoustician and other building engineering 
disciplines. 
 
2. Acoustics in offices 
 
A general definition of physical factors that influence office workers in comfort are: Temperature, air quality, 
lighting, acoustics, and layout, [1]. Research indicates that the sound environment in open plan offices is the main 
source of complains for the workers, [2]. This fact, coupled with the fact that the sound environment affects people’s 
behavior, task motivation [3] and intellectual performance [4], makes it a high priority to find ways to optimize the 
sound environment in open plan offices. Not only in comfort and well-being terms, but also in efficiency and 
economical terms. This aspect becomes vital to find acoustic qualities that actually relate to the peoples subjective 
experience. Acoustically speaking, the open spaces are a complicated scenario, as the more simple acoustic 
descriptors, such as reverberation time, prove inadequate as they will be far too dependent on where you happen to 
measure in the large area. The challenge is to correlate the right acoustic qualities to the subjective experience. The 
subjective experience is much more complex than the values measured acoustic data. 
 
 
2.1 From ISO 3382-3 to VDI 2569 
 
In 2012 a new part “Open plan offices” of the standard ISO 3382 “Measurement of room acoustic parameters” 
was published. This standard introduces new measures to qualify the room acoustic conditions in open plan offices 
with a high correlation to the subjective perception of the sound environment. The new ISO 3382 Part 3 concludes 
that the proper acoustic measurement for open plan offices are distance dependent qualities such as Spatial Decay 
Rate, Sound Pressure Level at 4m, and Distraction Distance (based on Speech Transmission Index). The background 
noise level is also measured. 
Related to that, the German standard committee restarted to revise the German standard VDI 2569 from 1990 in 
order to introduce these new measures and to define national recommendations. Since January 2015 the blueprint 
version is available. 
In the current guideline VDI 2569 “building acoustics and room acoustic design of offices”, the acoustics of 
cellular offices and open plan offices is described. For different room types the relevant set of parameters for room- 
and building acoustics are defined and recommendations according to three classifications A, B and C are introduced. 
The room acoustics class A is the highest and class C the lowest level of expectation. 
 
The new guideline sticks to the following room acoustic parameters: 
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x A-weighted sound pressure level of speech in a distance of 4 m from the source (Lp,A,S,4m in dB) 
x spatial decay rate of speech (D2,S in dB) 
x maximum reverberation time (Tmax in s) 
x sound pressure level in-situ noise (LNA, Bau in dB) 
 
 
The following parameters are to measure optionally but not recommended: 
 
x speech transmission index (STI) 
x background noise sound pressure level (Lp, B in dB) 
x distraction distance (rD in m) 
 
For open office rooms a classification with three groups A, B and C was introduced. These is described in 
Table.1 
 
Table 1. Explanation of the three groups of open office rooms 
Roomacoustic Class Planning and 
structural expense 
Description Office type 
A High Further improvement 
with cellular structures only 
B Middle  Extensive screens and 
near field absorption 
 
 
C Low  screens and near field 
absorption 
recommendation: 
call-centre 
recommendation: 
construction office 
minimal: 
call-centre 
minimal: 
construction office 
 
 
The measures D2,S and Lp,A,S,4m can vary on the chosen measurement path in the open plan office. Especially if 
one path runs over a couple of screens and another path runs parallel to these, the resulting values can be very 
different. Therefore, for each path the level of sound attenuation 1, 2 or 3 according to Table 2 has to be determined. 
 
 
Table 2. Requirements for the level of sound propagation for each measurement path 
 
level of sound propagation D2,S Lp,A,S,4m 
1 t8 dB d47 dB 
2 t6 dB d49 dB 
3 t4 dB d51 dB 
 
Further content and methodology (e.g. for cellular offices) of the VDI 2569 will not be described in this paper. 
The aforementioned operations for open plan offices should lead to their practical implications. 
 
Measurements [6] have shown that the D2,S parameter is strongly influenced by the presence/absence of an 
absorbing ceiling. Moreover, the D2,S decreased considerably when the acoustic ceiling was removed. Based on the 
knowledge gathered by measures on the ISO 3382-3standard since 2012, an acoustic ceiling is mandatory to reach 
an acceptable level of acoustical quality of the room. The needed absorption coefficient for the ceiling to reach 
different levels of acoustic quality is shown in Table 3 using a section of the Table D1 from the VDI 2569. 
The standard describes a compromise in case of TABS for the ceiling as followed: “In rooms with sound absorbing 
ceiling panels as an exclusive treatment on the ceiling, the level 3 and in exceptional cases, the level 2 can be achieved. 
Therefore a relatively high coverage rate of 50% to 70% with solo elements and adequate shielding is required. To 
achieve the level 3 narrow, highly absorbent ceiling panels with a coverage rate of 50% and a screen of step 2, Table 
D.1 are required.” 
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Table 3. Examples of typical room acoustic demands of the ceiling surface for a class achievement due to the methodology of the VDI 2569 
 
 
Level 1 Level 2 Level 3 
Ceiling full surface 
sound absorbing 
ceiling 
αw ≥ 0,80 
full surface 
sound absorbing 
ceiling 
αw ≥ 0,70 
full surface 
sound absorbing 
ceiling 
αw ≥ 0,60 
 
 
 
 
3. Conflict in TABS buildings 
 
As of now, most national regulations on thermal performance for office buildings defines challenging target values 
around 50 kWhPE/m²/year for the total energy consumption of the building in use. In general, the energy 
consumption of an office building is shared between 40% for equipment (computers, servers, copy machines, etc.), 
40% for lighting and 20% for ventilation and air conditioning. An efficient way to reach this value is to avoid air 
conditioning, which is a high consumer of energy. The solution is to use the thermal mass of the concrete core: 
baring walls, soffits, etc. for summer cooling. For physical reasons, the surface that contributes most to comfort is 
supposed to be the ceiling [7].Therefore, the slab should be as exposed to the room as possible, in order to facilitate 
the energy transfer. The principle is that the structure of the building and particularly the slab contributes to the 
cooling of the ambient air during summer days. The energy transfer between elements with high thermal mass and 
the room is made through both convection and radiation. 
But while TABS is a proven way to meet energy-efficiency regulations, it creates challenges of its own in terms 
of sound propagation and acoustic comfort see figure 1. The concrete needed for cooling reflects sound instead of 
absorbing it, and acts as a sound mirror. Echoes, amplified sounds and even normal speech therefore travel further in 
open spaces. 
 
 
 
Fig. 1. Results of the comfort survey in 7 TABS buildings and 22 non-TABS buildings. Perc. 10% (Perc. 90%) are the scores below which 10% 
(90%) of the buildings perform. Average is the score of the sample of the 29 buildings, while Average TABS is the average of the 7 TABS 
buildings and Average No TABS is the average of the 22 other, non-TABS buildings [8]. 
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4. Thermal comfort – the BT Study 
 
4.1 Method 
 
In order to evaluate and describe the influence of sound absorbers on the thermal comfort a detailed thermal 
monitoring in high temporal solution was carried out in six office rooms in an office building used  by the Fraunhofer 
Institute for Solar Energy Systems in Freiburg (Breisgau) in southwest Germany during the cooling period 2014 
(June until September). 
Of main interest was the development of thermal comfort in the four offices with different ceiling coverage ratios 
of acoustic panels and baffles (Fig. 2). The coverage ratios and acoustic elements were changed three times (three 
cases Fig.2) during the summer period. Two rooms without acoustic elements were monitored as reference rooms 
during the whole period. In order to evaluate the thermal comfort, the development of temperatures in all offices and 
the cooling energy consumption in three offices was monitored. The user behavior and the use of technical equipment 
in office buildings have a major influence on the thermal conditions. Therefore some user-influenced parameters 
were also monitored during all three monitoring campaigns including window and door opening in all rooms and 
the occupancy, electricity consumption of the office equipment and use of solar shading in selected rooms. 
 
 
 
Fig. 2. Method of measuring the 6 rooms with different ceiling coverage ratios at the same time in 3 different cases. 
 
 
4.2 Results 
 
With the raw measurement data, the thermal comfort according to DIN EN ISO 15251:2007-08 in all rooms was 
analyzed and the rooms and scenarios were compared. The calculated comfort temperature is almost equivalent to 
the PMV (predicted mean vote) comfort model of EN 15251:2007-08. The comfort boundaries I to III of 1, 1.5 and 
2K, as defined by the standard, result in a fraction of satisfied users of 92, 91 and 90% respectively. 
 
A final and definite conclusion how and to what degree sound absorbers influence the thermal comfort in office 
buildings is difficult to draw. A clear correlation between ceiling coverage ratio and thermal room comfort was not 
observed during the whole monitoring campaign, but the results can give several hints to factors influencing the 
thermal room comfort in office rooms under real operation conditions. The data also shows that the occupant’s 
behavior has a significant influence on the thermal comfort. During the whole monitoring period the 4-persons offices 
most of the time show higher operative room temperatures and a slightly lower cooling effect of the TABS with an 
increasing ceiling coverage ratio. In the 3-persons offices on the other hand, the ORT (operative room temperature) 
development showed a different behavior, especially during campaign 1, in which the thermal comfort in the room 
with 60% ceiling coverage ratio was better than in the room with 30% coverage ratio. Figure 3 shows an example of 
the summary and overview of the measured data in correlation to the comfort model and his categories. 
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Fig. 3. Example of the evaluation of the thermal comfort in campaign 1 in the 3-persons offices during occupancy according to the PMV-model 
of EN 15251. In comfort footprints only upper boundaries are considered. 
 
But one should keep in mind that the ambient temperatures and ORTs during that campaign were relatively low 
and therefore there was only low cooling demand, which makes a final conclusion difficult. Another observation 
during all campaigns is that by trend the amplitude of the ORT during occupancy in 4-persons offices is smaller than 
in 3-persons offices, which is partly due to a slightly higher occupancy rate in 3-persons offices and presumably due 
to differences in the occupant behavior. 
 
The effect of free hanging units on the ORT is masked by plenty of other effects related to the use of the building. 
The effect of acoustic absorber exists (seen at lab scale) but, in reality, it is totally masked by mainly occupant 
behaviour. The impact of coverage ratio below 60% on thermal conditions becomes secondary. For finding an 
optimum coverage ratio to minimize the trade-off between thermal and acoustic conditions in TABS buildings 
equipped with free hanging sound absorbers more monitoring data is needed. 
 
 
5. Conclusion 
 
The relevance of the ceiling in the room acoustic concept is described by an insight of the blueprint of a new 
acoustic guideline in Germany. The new VDI standard shows the connection of a ceiling treatment and the possible 
control of speech propagation, which is felt as most disturbing in open plan office and has a serious impact on 
wellbeing, performance and stress. The impact of suspended acoustic elements on thermal and acoustic comfort 
in a real building was studied. The BT Study at Fraunhofer ISE has shown that the coverage ratio of below 60% 
with free hanging units on the thermal condition become secondary. This is in line with former field research by 
Saint-Gobain Research and Ecophon in 2012 [9]. It can be said that ceiling treatments with e. g. free hanging units or 
baffels could lead to some days with less thermal comfort. If these findings lead to not have an acoustic ceiling – ergo: 
a weak control of the sound propagation - we would count up to 365 days of a no acoustic comfort including its 
effects on wellbeing, stress and performance mentioned before. 
 
References 
 
[1] Danielsson: The Office – an explorative study architectural design’s impact on health, job satisfaction and well-being, KTH School of 
Architecture and Built Environment, PhD Dissertation (2010) 
[2] KL Jensen, E Arens, L Zagreus: Acoustical quality in office workstations, as assesed by occupants surveys, Indoor Air (2005) 
[3] Evans Johnson: Stress and Open-Office Noise, Journal of Applied Psychology, Vol. 85, No. 5, 779-783 (2000) 
[4] Weinstein: Effect of noise on intellectual performance, Journal of applied psychology, vol59, no 5, 548-554 (1974) 
[5] R. Canto Leyton, E.Nilson: Acoustic Design of Open Plan Offices –Subjective judgment. Euronoise Prague (2012) 
[6] Nilsson, Hellstöm: Acoustic Design of open-plan offices. NT technical report 619 (2010) 
[7] Prof. B.W. Olesen,“Geotabs –Technology, boundary conditions and comfort”, International Centre for Indoor Environment and Energy 
Department of Civil Engineering& Technical University of Denmark, 2013. 
[8] K.U Leuven, Prof. L. Helsen and J.Hoogmartens, “Report comfort survey GeoTabs 2012-09-25 v05” Source: www.comfortmeter.eu, (2013). 
[9] Saint-Gobain Research, Peutz NL, “Thermal measurements TABS Building Lyon”, Report number D 2805-1E-RA-003 d.d. March 6, 2013 
